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Rasmussen syndrome is named after Theodore Rasmussen, 
who first described this condition in 1958 (1). Most patients 
present for clinical evaluation in the late toddler and early 
school-age years, but cases have been reported at younger 
and older ages, even adults (1). In the overwhelming majority 
of patients, the disease remains unihemispheric. One of the 
hallmarks of this condition is intractable focal epilepsy, partic-
ularly epilepsia partialis continua (EPC). Other features include 
unilateral hemispheric atrophy and progressive neurologic 
dysfunction, including both hemiparesis and cognitive decline. 
Rasmussen syndrome is believed to be an immune-mediated 
illness, but the exact pathophysiology and the role of environ-
mental factors have not been fully delineated, despite decades 
of effort (2). Medical treatment has therefore been limited. 
Hemispherectomy remains the only cure to epilepsy, but 
with inevitable functional consequences of hemiparesis and 
hemianopia. Decisions about when surgery is appropriate are 
often difficult. It will be suggested where there is high risk of 
cognitive decline from disease, but difficulties arise in decision 
making when any degree of language transfer is unclear. On 
weighing the pros and cons about surgery, one problem is 
that most studies of Rasmussen syndrome have involved small 
numbers of patients with varying degrees of pathology. In sur-
gical series, patients with Rasmussen syndrome frequently are 
mixed with patients who have had surgery for other patholo-
gies. Thus, data supporting a recommendation for early versus 
late surgery in Rasmussen syndrome are sparse.

Natural History 
Before discussing interventions, it is important first to understand 
the natural history of Rasmussen syndrome. This can be a progres-
sive disease in terms of overall functional decline (3). Decline can 
occur with respect to seizures, hemiparesis, development, and 
cognition. Anatomic changes can include cortical atrophy on 
MRI, evidenced by a decline in hemispheric ratio, a radiographi-
cally derived measure of hemispheric symmetry, over time (4). 
Classic descriptions of Rasmussen syndrome suggest that patients 
progress to a certain maximum level of neurologic deficits, and 
then their illness appears to plateau at an end stage, or “burn out.” 
However, it appears not all patients progress to severe deficits (5). 
Conversely, not all “burn out,” patients and their deficits may con-
tinue to progress. The main argument for discussing aggressive 
treatment has been the probable impact of ongoing seizures on 
overall cognitive performance, and the perception that although 
a unilateral disease, there is a degree of epileptic encephalopathy 
affecting the normal contralateral hemisphere. Longitudinal as-
sessment of a series of patients has demonstrated that this is not 
inevitable, and therefore careful astute serial clinical observations 
are required to determine those at risk. Interictal EEG may be help-
ful in this respect in that significant cognitive decline appears to be 
related to the appearance of independent contralateral interictal 
epileptiform activity, and this may therefore be a marker of who 
requires major intervention (5).

Treatment
Medical Treatment
The two goals of treatment are alleviation of seizures and ces-
sation of progressive neurologic deficits. There are a number 
of anticonvulsants used to treat the seizures in Rasmussen 
syndrome, but none yield seizure freedom; EPC is particularly 
resistant to antiepileptic drug (AED) treatment. On the as-
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sumption that there is an underlying autoimmune process, im-
munomodulators have been used in an attempt to control this 
(Table 1) (1, 4, 6–11; E. P. G. Vining, personal communication). 
Case series suggest these agents may be effective in slowing 
down a progressive course. One concern is whether immuno-
modulators slow down an immune-mediated process but as a 
consequence delay the need for more definitive treatment and 
thus cause an important period of neuroplasticity, required for 
successful rehabilitation, to be missed.

Surgical Treatment
Hemidisconnection is the only management option that 
achieves seizure freedom (1). For reasons that are unclear, par-
tial resections that incompletely disconnect and resect abnor-
mal tissue provide only temporary relief and require reopera-
tion even in the presence of apparently clearly focal disease. 
Hemidisconnection provides a 63 to 85 percent seizure-free-
dom rate (1). Complication rates range from 24 to 41 percent, 
depending on the definition (12–14). Another potential 
benefit from surgery is that it frequently decreases medication 
burden and resulting side effects. There are however inevitable 
neurologic sequelae. Hemiplegia results in problems with gait 
(walking is usually reestablished after rehabilitation) and an 
inability to perform fine fractionated finger movements (which 
remain a challenge for patients). Hemianopia typically is 
compensated with minimal rehabilitation effort. Behavior may 
need to be addressed in some patients. Language function is 
an ongoing concern for patients with dominant hemisphere 
resections (1), returning to a variable degree. Because of these 
deficits, patients typically undergo aggressive rehabilitation 
after surgery. Therefore, overall success of hemispherectomy is 
related in part to the rehabilitation process.

Rehabilitation
Rehabilitation for patients after hemispherectomy includes 
physical therapy for gait and balance, occupational therapy for 
hand function and activities of daily living, speech/language 
pathology, neuropsychology for cognitive function, and some-
times, treatment for behavior difficulties. Evidence for each 
major area after hemispherectomy will be discussed in turn.

Sensorimotor Function
In patients with Rasmussen syndrome, there is some sugges-
tion that earlier age at surgery is associated with improved 
sensorimotor function compared with children who undergo 
surgery at a later age. In a recent study of children who under-
went hemispherectomy for differing etiologies, motor function 

(assessed by Flugl–Meyer scores) was better in those with 
younger age at time of surgery, as was the great toe vibration 
threshold (a measure of sensory function) in the paretic foot 
(15). This study included only a small number of patients with 
Rasmussen syndrome, and it is therefore unclear whether the 
interval between diagnosis and surgery (and thus, the timing 
of surgery) was a major factor. Nonetheless, it outlined mea-
sures that can be followed in future studies.

Language Function
One case series of four right-handed patients after right hemi-
spherectomy for Rasmussen syndrome found that improve-
ments in social language and communication were related to 
shorter duration of epilepsy and earlier age of onset (16). In 
this small series, one potential confounder in the study was 
the extent of pathology, in that it was unclear whether out-
comes were worse in patients with more diseased cortex than 
in those with only minimal pathology.

One particularly concerning population comprises children 
and adolescents who require a resection of the language-
dominant hemisphere. The main question is whether remain-
ing structures can reliably assume language function. Further, 
one major question that consistently remains unanswered is 
whether relocalization should be forced by early surgery, or 
the disease process be allowed to progress for natural relocal-
ization in the first instance. One series studied six right-handed 
children with left-hemisphere Rasmussen syndrome after a left 
hemidecortication (17). All had normal language for 5 years 
prior to seizure onset. One year after surgery, the only expres-
sive language in all patients was single words, suggesting 
that late dominant-hemisphere resections lead to suboptimal 
language outcomes. In a larger series from the same institu-
tion, patients with left-sided disease had worse outcomes 
with respect to general intelligence, receptive language, and 
expressive language (18).

However, not all patients with dominant-hemisphere dis-
ease have poor outcomes. One case report demonstrated new 
activation of right-sided structures on fMRI after hemispherec-
tomy, demonstrating radiographically that language function 
can transfer to the contralateral hemisphere in some cases, 
while other case reports have documented varying findings 
on late recovery of language function after hemispherectomy 
(19–25). The question that arises from these data is whether 
hemispherectomy is best performed at a younger age while 
remaining structures still have a fair amount of neuroplasticity 
or should surgery be delayed until function may, or may not, 
have been established in tissue that would remain connected 
after a hemispherectomy? We do not have the means to pre-
dict who will recover language function postoperatively, but in 
older children we are able to track possible change in localiza-
tion over time with fMRI.

Developmental Outcomes
The premise for early surgery in many cases is the presumed 
catastrophic effect epilepsy has on the contralateral normal 
hemisphere, a presumed epileptic encephalopathy. In one 
large hemispherectomy series, seizure duration was inversely 
correlated with developmental quotient, arguing for early 
surgery (26). The subset of patients with Rasmussen syn-

TABLE 1. Immunomodulators Used in Rasmussen Syndrome

• Corticosteroids

• Intravenous immunoglobulin 

• Plasma exchange

• Tacrolimus 

• Rituximab 

• Cyclophosphamide 
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drome showed a small increase in developmental quotient 
after surgery. Another series examined 16 hemispherectomy 
patients, 9 of whom had Rasmussen syndrome, and found 
that a shorter interval to surgery predicted improved mental 
and social age (27). However, as outlined above, in children 
followed longitudinally, not all children show a drop in intel-
lectual ability over time, and it is difficult to know whether 
these surgical series have considered the neuropsychological 
evaluation in the decision-making process (i.e., are only indi-
viduals who are at risk of decline included?). In a series of 16 
children followed longitudinally, only 7 showed a significant 
decline in (>15) IQ points. This appeared to be associated 
with the appearance of contralateral-independent interictal 
epileptiform activity (5). Cognitive decline is therefore not 
inevitable; contralateral interictal epileptiform activity may 
highlight those at risk.

Adaptive Function
In a case series of 24 children after hemispherectomy (four of 
whom had Rasmussen syndrome), shorter duration of epilepsy 
predicted good adaptive function (13). Younger age at surgery 
and etiology only predicted subscores, not overall scores. Age 
at onset of epilepsy did not predict good adaptive function.

Decision Making With Regard to Timing of Surgery
In children with either catastrophic onset of Rasmussen 
syndrome, with rapid development of EPC and hemiparesis, 
not responding to medical treatment, especially in nondomi-
nant disease, a decision to proceed to surgery may appear 
relatively “easy.” Similarly, patients with a fairly mild course 
with intermittent seizures and no evidence of neurologic 
deficit can be treated medically with careful monitoring. 
The difficulty in decision making, however, arises in those 
falling between these extremes. Those with a progressive 
but not rapidly deteriorating course, particularly where there 
is evidence that the disease process involves the dominant 
hemisphere, present a significant challenge. After all, seizures 
may continue and possibly worsen. Aside from any discus-
sion of the impact of recurrent seizures on the brain, there is 
concern for injury, including falls and their sequelae. There 
are also the adverse effects of medication, including meta-
bolic problems, sedation, cognitive and language effects, 
immunosuppression, and the consequence of corticoste-
roids. Language rehabilitation depends on the ability of the 
contralateral hemisphere to assume new function. Finally, 
hemiplegia also has an impact on mobility and the activities 
of daily living. Thus, progressive disease can lead to signifi-
cant consequences. Hemidisconnection, however, also has an 
inevitable functional consequence.

What if surgery is delayed? Not all children respond to 
immunomodulatory therapy. In these children also, in view 
of seizure severity, a decision to proceed to surgery may be 
made earlier rather than later. However, some do show a clini-
cal response to medical treatment. In a series reported, there 
is slowed progression of the hemiparesis and hemiatrophy 
on MRI compared with historical controls (5; Varadkar et al., 
personal communication). What is unknown is the conse-
quence on longer term functional outcome from waiting or 
the impact on transfer of language. Any transfer of language 

into the previously nondominant hemisphere can be assessed 
with fMRI in cooperative children. Consequently, a more ac-
curate prediction of likely postoperative language function 
can be made. Group data suggest preoperative neuropsy-
chological scoring will determine postoperative scores (18), 
and consequently better outcome may be assumed from 
surgery earlier in the natural history of the disease. We have 
little evidence however that all children should undergo 
hemidisconnection at diagnosis. Each case has to be moni-
tored carefully and decisions made on an individual basis. 
Inevitably, it follows that all such children should be followed 
in centers experienced in medical and surgical management 
of this condition.

Conclusions
The decision about when to perform hemispherectomy in 
Rasmussen syndrome is one of the most difficult that a patient, 
family, and physician will ever have to make. Patients with 
mild deficits that do not appear to be progressing rapidly are 
good candidates for immunotherapy. Similarly, those with very 
rapid progression of seizures and symptoms are best treated 
with hemispherectomy early in their natural history. The most 
challenging and largest group includes those patients whose 
course is moderately progressive and/or fluctuating. These pa-
tients may benefit from trials of immunomodulators but need 
to be evaluated carefully from a developmental and cognitive 
perspective in order to optimize timing of hemidisconnection. 
Future investigations need to include prospective series from 
multicenter collaborations in order to increase the power of 
findings and more rigorously identify subsets of patients who 
need surgery sooner rather than later.

References
1. Bien CG, Granata T, Antozzi C, Cross JH, Dulac O, Kurthen M, Lass-

mann H, Mantegazza R, Villemure JG, Spreafico R, Elger CE. Pathogen-
esis, diagnosis and treatment of Rasmussen encephalitis: A European 
consensus statement. Brain 2005;128(pt 3):454–471.

2. Bauer J, Bien CG. Encephalitis and epilepsy. Semin Immunopathol 
2009;31:537–544.

3. Vining EP, Freeman JM, Brandt J, Carson BS, Uematsu S. Progressive 
unilateral encephalopathy of childhood (Rasmussen’s syndrome): A 
reappraisal. Epilepsia 1993;34:639–650.

4. Bien CG, Gleissner U, Sassen R, Widman G, Urbach H, Elger CE. An 
open study of tacrolimus therapy in Rasmussen encephalitis. Neurol-
ogy 2004;62:2106–2109.

5. Longaretti F, Dunkley C, Varadkar S, Vargha-Khadem F, Boyd SG, Cross 
JH. Evolution of the EEG in children with Rasmussen’s syndrome. 
Epilepsia 2012;53:1539–1545.

6. Chinchilla D, Dulac O, Robain O, Plouin P, Ponsot G, Pinel JF, Graber 
D. Reappraisal of Rasmussen’s syndrome with special emphasis on 
treatment with high doses of steroids. J Neurol Neurosurg Psychiatry 
1994;57:1325–1333.

7. Hart YM, Cortez M, Andermann F, Hwang P, Fish DR, Dulac O, Silver 
K, Fejerman N, Cross H, Sherwin A, et al. Medical treatment of 
Rasmussen’s syndrome (chronic encephalitis and epilepsy): Effect 
of high-dose steroids or immunoglobulins in 19 patients. Neurology 
1994;44:1030–1036.

8. Andrews PI, Dichter MA, Berkovic SF, Newton MR, McNamara JO. Plas-
mapheresis in Rasmussen’s encephalitis. Neurology 1996;46:242–246.



11

Timing of Surgery in Rasmussen Syndrome

9. Thilo B, Stingele R, Knudsen K, Boor R, Bien CG, Deuschl G, Lang N. 
A case of Rasmussen encephalitis treated with rituximab. Nat Rev 
Neurol 2009;5:458–462.

10. Muto A, Oguni H, Takahashi Y, Shirasaka Y, Sawaishi Y, Yano T, Hoshida 
T, Osaka H, Nakasu S, Akasaka N, Sugai K, Miyamoto A, Takahashi S, 
Suzuki M, Ohmori I, Nabatame S, Osawa M. Nationwide survey (inci-
dence, clinical course, prognosis) of Rasmussen’s encephalitis. Brain 
Dev XXXX;32:445–453.

11. Shah S VS, Cross JH. Role of azathiaprine in Rasmussens syndrome. 
Dev Med Child Neurol 2005;47(suppl):18.

12. Vining EP, Freeman JM, Pillas DJ, Uematsu S, Carson BS, Brandt J, 
Boatman D, Pulsifer MB, Zuckerberg A. Why would you remove half 
a brain? The outcome of 58 children after hemispherectomy—the 
Johns Hopkins experience: 1968 to 1996. Pediatrics 1997;100(pt 
1):163–171.

13. Basheer SN, Connolly MB, Lautzenhiser A, Sherman EM, Hendson G, 
Steinbok P. Hemispheric surgery in children with refractory epilepsy: 
Seizure outcome, complications, and adaptive function. Epilepsia 
2007;48:133–140.

14. Cook SW, Nguyen ST, Hu B, Yudovin S, Shields WD, Vinters HV, Van de 
Wiele BM, Harrison RE, Mathern GW. Cerebral hemispherectomy in 
pediatric patients with epilepsy: Comparison of three techniques by 
pathological substrate in 115 patients. J Neurosurg 2004;100(suppl 
Pediatrics):125–141.

15. Choi JT, Vining EP, Mori S, Bastian AJ. Sensorimotor function and 
sensorimotor tracts after hemispherectomy. Neuropsychologia 
2010;48:1192–1199.

16. Caplan R, Curtiss S, Chugani HT, Vinters HV. Pediatric Rasmussen 
encephalitis: Social communication, language, PET and pathology 
before and after hemispherectomy. Brain Cogn 1996;32:45–66.

17. Boatman D, Freeman J, Vining E, Pulsifer M, Miglioretti D, Minahan 
R, Carson B, Brandt J, McKhann G. Language recovery after left 
hemispherectomy in children with late-onset seizures. Ann Neurol 
1999;46:579–586.

18. Pulsifer MB, Brandt J, Salorio CF, Vining EP, Carson BS, Freeman JM. 
The cognitive outcome of hemispherectomy in 71 children. Epilepsia 
2004;45:243–254.

19. Ogden JA. Language and memory functions after long recovery 
periods in left-hemispherectomized subjects. Neuropsychologia 
1988;26:645–659.

20. Stark RE, Bleile K, Brandt J, Freeman J, Vining EP. Speech-language 
outcomes of hemispherectomy in children and young adults. Brain 
Lang 1995;51:406–421.

21. Stark RE, McGregor KK. Follow-up study of a right- and a left-hemi-
spherectomized child: Implications for localization and impairment 
of language in children. Brain Lang 1997;60:222–242.

22. Hertz-Pannier L, Chiron C, Jambaque I, Renaux-Kieffer V, Van de Moor-
tele PF, Delalande O, Fohlen M, Brunelle F, Le Bihan D. Late plasticity 
for language in a child’s non-dominant hemisphere: A pre- and post-
surgery fMRI study. Brain 2002;125(pt 2):361–372.

23. Telfeian AE, Berqvist C, Danielak C, Simon , Duhaime AC. Recovery of 
language after left hemispherectomy in a sixteen-year-old girl with 
late-onset seizures. Pediatr Neurosurg 2002;37:19–21.

24. Voets NL, Adcock JE, Flitney DE, Behrens TE, Hart Y, Stacey R, Carpen-
ter K, Matthews PM. Distinct right frontal lobe activation in language 
processing following left hemisphere injury. Brain 2006;129(pt 
3):754–766.

25. Liegeois F, Connelly A, Baldeweg T, Vargha-Khadem F. Speaking with 
a single cerebral hemisphere: fMRI language organization after hemi-
spherectomy in childhood. Brain Lang 2008;106:195–203.

26. Jonas R, Nguyen S, Hu B, Asarnow RF, LoPresti C, Curtiss S, de Bode S, 
Yudovin S, Shields WD, Vinters HV, Mathern GW. Cerebral hemispher-
ectomy: Hospital course, seizure, developmental, language, and 
motor outcomes. Neurology 2004;62:1712–1721.

27. Thomas SG, Daniel RT, Chacko AG, Thomas M, Russell PS. Cogni-
tive changes following surgery in intractable hemispheric and 
sub-hemispheric pediatric epilepsy. Childs Nerv Syst 2010;26:1067–
1073.


